INTRODUCTION
============

Coffee is probably the most commonly consumed pharmacologically active compound in the world, certainly in Europe and America.[@B1] Korea is currently the 11th largest coffee consumer in the world, and the consumption rate has sharply increased in recent years, making coffee an important environmental exposure.[@B2] It may be surprising that there were more than 10 thousand coffeehouses in 2011, compared with 9,400 coffeehouses in 2010. Estimated average Korean coffee consumption is about 1.28 cups per day, which is the equivalent of approximately 180 mg of caffeine daily.[@B1] Recently, several investigators have reported that the consumption of coffee is associated with low bone density and osteoporotic fracture.[@B4] Osteoporotic fractures are associated with morbidity and mortality, increasing health costs, and decreased quality of life. Thus, coffee-associated osteoporosis is an increasing concern among the Korean population, especially among young Korean women.

The measurement of bone mineral density (BMD) in absolute terms by dual-energy X-ray absorptiometry (DXA) made it possible to compare the BMD among the different ethnic groups.[@B5] Several studies reported that Asian women have lower bone mass than Caucasians even after taking into account the differences between the body sizes of Caucasian and Asian women.[@B6] However, less is known about the characteristics of osteoporosis in Asian populations compared to Western countries.[@B5],[@B7],[@B8] Although some differences in gene polymorphisms related to osteoporosis between Asians and Caucasians were reported,[@B9] demographic, behavioral, and cultural factors might be reflected in racial and ethnic disparities in osteoporosis rather than genetic differences.[@B10],[@B11] Among them, nutrition is an important modifiable factor in the development and maintenance of bone mass and the prevention and treatment of osteoporosis.[@B12]

In this report, we explored the relationship between coffee consumption and bone health in Korean premenopausal women, taking into account potential confounding factors including age, body mass index (BMI), smoking status, alcohol consumption, physical activity, dietary intake of calcium, education level, and monthly income.

METHODS
=======

1. Subjects
-----------

The present study is a cross-sectional study. The study population consisted of 11,064 women and 9,213 men who participated in the fourth Korean National Health and Nutritional Examination Survey (KNHANES IV), conducted between 2008 and 2009. KNHANES IV (2008-2009) was a nationwide survey representing the Korean general population and included comprehensive information on the health status, health behavior, and demographics of 20,277 individuals. The health interview survey was conducted through face-to face interviews by trained interviewers. Each participant gave informed consent prior to inclusion in the study. In this study premenopausal women under 50 years old were included (n = 6,994), taking into account the facts that young women usually drink more coffee than the elderly and bone health of postmenopausal women could be affected by hormonal changes.[@B13],[@B14] We selected individuals who had received DXA of lumbar spine and femoral neck between 2008-2009 and individuals who completed the coffee consumption questionnaire. We then excluded individuals who had undergone any hormone replacement therapy or medication for osteoporosis, recruiting 1,761 women as the final study population. As the survey data analyzed are publicly available, this study did not require the ethical approval of the institutional review board.

2. Measurements of Anthropometric Parameters and BMD
----------------------------------------------------

All the participants completed a questionnaire about smoking habits, alcohol consumption, physical activity, dietary intake of calcium, dietary supplements (any vitamins, minerals, or functional foods), education level, monthly income, menopause state, and medication. With regard to smoking, the participants were grouped as nonsmokers, ex-smokers, or current smokers. The other health behavioral risk variables included alcohol consumption (nondrinker, \<3 standard drinks/occasion, and ≥3 standard drinks/occasion)[@B15],[@B16] and physical activity per week (3 quintiles: \<12.0 metabolic equivalent \[METs\]/wk, 12-43.5 METs/wk, and \>43.5 METs/wk).[@B17] We divided educational background status into elementary school graduate, middle school or high school graduate, and college graduate or above. Menopause state was checked among women. All data were collected by trained staff using standardized protocols. Height and weight were measured with the participants wearing light, single-thickness clothing. BMI was calculated as the ratio of weight to the square of height (kg/m^2^) and was divided into 3 categories (≤20 kg/m^2^, \>20-24.99 kg/m^2^, and ≥25 kg/m^2^).[@B18] Dietary calcium intake was monitored by 24-hour recall and analyzed by CAN-Pro software 3.0 (Korean Nutrition Society, Seoul, Korea), and was divided into 3 quintiles (\<231 mg/d, 231-422 mg/d, and \>422 mg/d). Any vitamins, minerals, or functional foods taken or eaten for at least two weeks in recent years were included in dietary supplements. The KNHANES osteoporosis survey was a large-scale BMD survey undertaken by the Korean government in which accurate and reliable results were calculated from data gathered by educated and quality controlled osteoporosis examination surveyors.[@B19] The BMD (g/cm^2^) measurements of the lumbar spine (L1-L4) and femoral neck were obtained using a DXA scan (DISCOVERY-W fan-beam densitometer; Hologic Inc., Waltham, MA, USA). L1-L4 values were used for BMD analysis in this study. The definitions of osteopenia or osteoporosis were made using World Health Organization T-score criteria (-2.5 \< T-score \< -1 and T-score ≤ -2.5, respectively). We considered osteopenia and osteoporosis indications of impaired bone health, taking into account that the proportion of osteoporosis was too small in this population (aged under 50). Additionally we considered participants who were taking prescription medications (e.g., bisphosphonate, raloxifene, hormonal agents, etc.) as having osteoporosis.

3. Coffee Consumption Assessment
--------------------------------

The participants answered a questionnaire on the frequency of coffee consumption. We divided the participants into 4 categories on the basis of average coffee consumption. Group I (n = 599) included participants who reported drinking less than once a day. Group II (n = 497) consisted of participants who reported drinking once a day. Group III (n = 411) included participants who reported drinking twice a day, and group IV (n = 254) consisted of participants who reported drinking coffee three times a day. The general characteristic according to the frequency of coffee consumption is presented in [Table 1](#T1){ref-type="table"}.

4. Statistics
-------------

We used a weighted population sample to reflect the sampling method and response rate. We calculated the estimated proportions and standard errors for osteoporosis (at lumbar spine, femoral neck, and both lumbar spine and femoral neck). We constructed a multivariate logistic regression analysis to estimated adjusted odds ratios (ORs) and 95% confidence intervals (CI) for the risk of osteoporosis (including osteopenia) using group I as a reference and controlling for confounding variables (age, BMI, smoking status, alcohol consumption, physical activity, dietary intake of calcium, education level, and monthly income). A trend test was carried out. All results were considered significant if P \< 0.05. All analyses were performed using Stata SE ver. 12.0 (Stata Co., College Station, TX, USA).

RESULTS
=======

1. Baseline Characteristics
---------------------------

The characteristics of the study participants are presented in [Table 1](#T1){ref-type="table"}. The prevalence of impaired bone health (osteopenia/osteoporosis) of both femoral neck and lumbar spine in the study subjects was 34.8%. Over sixty percent of the study population drank coffee at least once a day. Smoking habit did not seem to be related to coffee consumption. Almost one fourth of the participants did not drink alcohol at all. Although their recommended calcium intake was 1,000 mg per day, more than seventy percent of participants ingested less than 422 mg per day.[@B20]

2. Coffee and Bone Mineral Density of Both Femoral Neck and Lumbar Spine
------------------------------------------------------------------------

[Table 2](#T2){ref-type="table"} presents the relationship between coffee consumption and impaired bone health. Subjects were stratified into groups according to the site of impaired bone health. Coffee consumption showed no significant association with impaired bone health of both the lumbar spine and femoral neck (P = 0.927). In participants who consumed coffee once a day, the adjusted ORs for impaired bone health were 0.94 (0.70-1.26) after adjustment for age, BMI, smoking status, alcohol consumption, physical activity, dietary calcium level, dietary supplements, education level, and monthly income. In participants who consumed twice and three times a day, the multivariate adjusted ORs for impaired bone health were 0.93 (0.67-1.28) and 1.02 (0.69-1.50), respectively.

3. Coffee and Bone Mineral Density of Lumbar Spine
--------------------------------------------------

Similarly, no statistically significant associations (P-value for trend = 0.269) were found when we adjusted for age, BMI, smoking status, alcohol consumption, physical activity, dietary calcium level, education level, or monthly income. Multivariate adjusted OR of group II was 0.86 (95% CI, 0.62 to 1.21) and that of group III and group IV was 0.78 (95% CI, 0.54 to 1.14), 0.84 (95% CI, 0.54 to 1.31), respectively.

4. Coffee and Bone Mineral Density of Femoral Neck
--------------------------------------------------

Femoral neck is considered to be a better site than the lumbar spine for the clinical evaluation of osteoporosis with the duel energy radiography technique.[@B21] We, however, found no associations between coffee consumption and osteoporosis of the femoral neck (P-value for trend = 0.733). Multivariate adjusted OR of group II was 0.90 (95% CI, 0.65 to 1.23) and that of group III and group IV was 0.96 (95% CI, 0.68 to 1.35), 1.11 (95% CI, 0.73 to 1.66), respectively.

DISCUSSION
==========

This study shows that high consumption of coffee is not associated with increased risk for impaired bone health. Our results are in agreement with some recent cross-sectional studies showing no association between caffeine and impaired bone health, and in disagreement with others which focused on BMD of various skeletal sites.[@B22]-[@B26] Habitual dietary caffeine intake was found not to be associated with impaired bone health in healthy postmenopausal women in a longitudinal study in Pennsylvania (USA), on the basis of self-reported questionnaires collected in 2000.[@B23] In elderly men and women from the population-based Framingham Osteoporosis Study, the same results were found.[@B24] These studies are in agreement with our study. Although the frequency consumed and the species of coffee could be significantly affected by cultural differences and socioeconomic status, and the metabolism of caffeine and other constituents can be affected by genetic predisposition, our results in Korean premenopausal women did not appear to contradict those of previous studies.

The role of coffee intake in bone health, however, seems controversial. There are several studies showing a negative association between caffeine and bone health. Daily intake of 330 mg of caffeine, equivalent to 4 cups (600 mL) of coffee, or more may be associated with a modestly increased risk of osteoporotic fractures, especially in women with a low intake of calcium, as shown in a study on Swedish women aged 40 to 76 years.[@B4] Also, in a cohort study, Men consuming 4 cups of coffee or more per day had 4% lower BMD at the proximal femur (P = 0.04) compared with low or non-consumers of coffee. This difference was not observed in women, suggesting that rapid metabolizers of caffeine may constitute a risk group for bone loss induced by coffee.[@B24]

The difference between the studies is considered to be due to the characteristics of the participants. Bone loss is usually seen in postmenopausal women and it is known to be due to hormonal changes (e.g., loss of serum estrogen).[@B27] In this study, however, most of the participants were in the premenopausal state, so a bone loss could not be observed. Further, among young adults the duration of regular caffeine consumption may not have been long enough to have had a measurable effect on bone health. In addition to age of participants, caffeine dose is also a major difference between the latter studies. Negative effects of coffee consumption on bone mass was seen only when caffeine intake was more than 300 mg (equivalent to four cups of coffee).

It should be noted that our brief food frequency questionnaire did not ask specific questions regarding ingredient added to the coffee (milk, cream powder, sugar-contained or decaffeinated, etc.). It is likely that a high caffeine intake is often a marker for a low calcium intake which is linked to skeletal fragility. The negative effect of caffeine on calcium absorption is small enough to be fully offset by as little as 1 to 2 tablespoons of milk.[@B25] Although differences in milk and sugar contents of regular and decaffeinated roasted coffees appear to be relatively small, they may be enough to affect flavor characteristics as well as the biopharmacological properties of the final beverage, suggesting the need for further study.[@B28] In Korea, most women are thought to consume an instant form of coffee which contains various ingredients (milk, cream powder, sugar, etc.),[@B29] possibly offsetting the negative effects of the coffee on bone health. Further studies may be needed to assess the effects of coffee on bone health with specific investigation into the ingredients of the various coffees that are consumed.

Our study had certain limitations. First, this study was cross-sectional. Thus, we could not establish a cause-and-effect relationship between coffee consumption and risk of impaired bone health. However, the majority of populations were over 30 years of age and they were supposed to have consumed coffee for several years, compared with the younger women. Second, in assessing intake frequency, the reference group could not be the non-consumer due to the limitations of the questionnaire about the coffee intake frequency in the KNHANES. Also the maximal dose of coffee intake was three cups a day, comparing to the other study has shown the adverse effect of coffee amount in amount of three cups and over per day.[@B30] Third, we used the T-score for evaluation of bone health, although the Z-score is more suitable to evaluate that of premenopausal women. This is due to the fact that the reference group of the Z-score consists of people of the same age and gender, whereas the reference group of the T-score consists of healthy people of young age. In the KNHANES, however, we could not get BMD data on the Z-score.

Despite these limitations, our study had several strengths. Our study represents one of the few of its kind to investigate bone health among the Asian population. Moreover, using the sample of participants derived from a nationally representative sample which was objectively verified makes our results more applicable to the general population of premenopausal Korean women. The KNHANES osteoporosis survey was a large-scaled BMD survey undertaken by the Korean government, in which accurate and reliable results were calculated from data gathered by educated and quality-controlled osteoporosis examination surveyors.[@B19] The BMD (g/cm^2^) measurements were obtained using a DXA scan. We also adjusted as many variables as possible which have been considered to be associated with bone health.

Estimates suggest that among South Koreans, almost 63% of premenopausal women consume coffee at least once a day.[@B2] In light of rapidly increasing coffee consumption in Asia, including Korea, the effect of coffee on bone health should be considered, and no association was presented in this study. Considering different characteristics by ethnicity, further investigation into the individual effects of coffee is needed.
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Characteristics of the participants according to coffee consumption (n\* = 1,761)
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Values are presented as % (standard error). All data are weighted to the residential population of Korea.

METs: metabolic equivalent.

^\*^Unweighted sample size. ^†^Group I: \<1 cup/d (n = 599), group II: 1 cup/d (n = 497), group III: 2 cups/d (n = 411), group IV: 3 cups/d (n = 254). ^‡^High-risk drinking is defined as consuming more than 3 standard drinks (=30 g of pure alcohol) per occasion on average. ^§^Physical activity per week was divided into 3 tertiles (\<12.0 METs/wk, 12-43.5 METs/wk, and \>43.5 METs/wk). ^∥^Dietary calcium intake was divided into 3 tertiles (\<231 mg/d, 231-422 mg/d, and \>422 mg/d). ^¶^Dietary supplements include kinds of vitamins, minerals and health functional foods. ^\*\*^Impaired bone health included osteopenia and osteoporosis.
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Relationship between coffee consumption and impaired bone health (lumbar spine or femoral neck T-score \< -1.0, or taking anti-osteoporotic medications) according to site
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All data are weighted to the residential population of Korea.

SE: standard error, OR: odds ratio, CI: confidence interval, METs: metabolic equivalent.

^\*^Univariate adjusted ORs for age. ^†^Multivariate adjusted ORs for age, body mass index, smoking status, alcohol consumption, physical activity, dietary calcium intake, education level, and monthly income. ^‡^P for trend from logistic regression analysis.
